Background
Leukemia is a disease of the blood or bone marrow (BM), and results in high numbers of abnormal white blood cells [1] . There are 4 main types: acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic leukemia (CLL), and chronic myeloid leukemia (CML) [2] . Among them, AML is the most common malignant myeloid disorder, with approximately 60% overall relapse-free survival rate [3, 4] . Treatment of AML always involves some combination of chemotherapy, radiation therapy, targeted therapy, and BM transplant [5] [6] [7] . Outcomes have been greatly improved in the developed world, but remain grim [8] . Therefore, a better understanding of AML will be helpful in diagnosing and treating this disease.
MicroRNAs (miRNAs), are small, non-coding RNAs that regulate the expression of target genes by interaction with the 3'-untranslated region (3'-UTR) of their mRNAs, resulting in translation inhibition or mRNA degradation [9] [10] [11] . Multiple studies have demonstrated the versatile roles that miRNAs play in the apoptosis of cancer cells [12, 13] , including AML cells. For example, miR-155 has been reported as an apoptosis inducer in AML cells through activating caspase-3 [14] . Sun et al. reported that overexpression of miR-424 and miR-27a increased apoptosis of AML cells by targeting pleomorphic adenoma gene 1 (PLAG1) [9] . However, the effects of miR-149-5p on AML cells apoptosis have not been investigated.
The main objective of this study was to investigate the effects of miR-149-5p on AML cells apoptosis and its associated mechanism. The expression of miR-149-5p in leukemia cell lines and the blood and BM samples from leukemia patients were monitored. AML cell line THP-1 was used to assess the effects of miR-149-5p on the apoptosis in vitro. Furthermore, we predicted and verified the direct target of miR-149-5p in THP-1 cells, and the apoptosis-related factors were determined, revealing the underlying molecular mechanisms of miR-149-5p in AML. These findings help provide a basic understanding of miR-149-5p in AML.
Material and Methods

Patient samples and ethical statement
A total of 45 adults with newly-diagnosed AML, T cell ALL (T-ALL), and CML, and 20 healthy adults were enrolled in the current study, from January, 2012 to April, 2015. The details of these individuals are provided in Table 1 . AML, T-ALL, and CML patients were diagnosed according to the provisions of the World Health Organization (WHO). The fresh blood and BM fluid samples from each individual were anticoagulated with sodium citrate, and cells from each sample were isolated by centrifugation and frozen at -80°C for further analysis. This study was approved by our local ethics committee, and written informed consent was obtained from all subjects for the use of their blood and BM samples for research.
Cell culture
T-ALL cell line Molt-4, CML cell line K562, and AML cell line THP-1 were purchased from the American Type Culture Collection (ATCC; Manassas, VA). Normal control cells were peripheral blood mononuclear cells derived from healthy donors. These cell lines were maintained in RPMI-1640 culture medium (Hyclone, Logan, UT) containing 10% fetal bovine serum (FBS; Hyclone, Logan, UT) [15] . All cells were cultured in humidified atmosphere with 5% CO 2 at 37°C [9] .
Isolation of RNA and real-time reverse transcription polymerase chain reaction (RT-PCR)
For RNA isolation and cDNA synthesis, TRIzol reagent-phenol chloroform (Invitrogen Life Technologies, Carlsbad, CA) and Transcriptor First Strand cDNA Synthesis Kit (Roche, USA) were used, according to the manufacturer's instructions. For the RT-PCR analysis, FastSTART Universal SYBR Green Master (ROX) (Roche, USA) was used, according to the manufacturer's instructions. Each real-time PCR was carried out in triplicate for a total of 20-μL reaction mixtures on the ABI PRISM 7500 Real-time PCR System (Applied Biosystems, Foster City, CA). Data were analyzed according to the classic 2 -DDCt method, and were normalized to GAPDH or U6 snRNA expression in each sample [16] . All primers were synthesized by GenePharma (Shanghai, China). 
Cell transfection
For miRNA and small interfering RNA (siRNA) transfection, THP-1 cells were plated on a 60-mm dish and incubated for 24 h. Afterward, miR-149-5p mimic, inhibitor, or its negative control, and Fas Ligand (FASLG) siRNA or its negative control (GenePharma, shanghai, China) were transfected into cells, respectively. The transfection was performed by using Lipofectamine 2000 (Invitrogen, USA), according to the manual. At 48 h after transfection, the cells were collected for further investigation.
Apoptosis assay
Cell apoptosis was assessed using the APO Percentage assay kit (Biocolor Ltd., UK), according to the manufacturer's instructions. In brief, cells were planted on 24-well plates at a density of 1×10 5 cells/well. After 24 h of incubation, the cells were collected and stained with the APO Percentage™ dye and analyzed by flow cytometry on a Becton Dickinson FACScan instrument (BD Pharmingen™, USA) [17] .
Dual-Luciferase reporter assay
The 3'-UTR of FASLG was amplified by PCR and placed in the pmiR-Report vector (Ambion). These vectors were co-transfected with miR-149-5p mimic, inhibitor, or its negative control into cells using Lipofectamine 2000 (Invitrogen). At 48 h after transfection, firefly and Renilla luciferase activities were measured using the Dual-Luciferase Reporter Assay (Promega) [18] .
Western blotting
Cellular protein was extracted by lysis buffer (Beyotime, Shanghai, China) and equal amounts of protein samples were separated on a 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel and blotted onto polyvinylidene difluoride membranes. After blocking within 5% skim milk for 1 h at room temperature, the membranes were incubated with primary antibodies: FASLG, Fas-associated via death domain (FADD), p-FADD, caspase-8, cleaved caspase-8, caspase-2, cleaved caspase-2, caspase-3, cleaved caspase-3 and GAPDH (1:1000; Santa Cruz, CA) at 4°C overnight. Then the membranes were incubated with horseradish peroxidase-conjugated secondary antibodies (1:1000; Santa Cruz, CA) for 1 h at room temperature. The immunoreactive protein bands were developed by enhanced chemiluminescence reagent (GE Healthcare, Little Chalfont, UK).
Statistical analysis
Multiple data are presented as mean ± standard derivations (SD) from 3 independent experiments and analyses. Statistical analyses were performed using GraphPad Prism 5 software (GraphPad, San Diego, CA), and statistical significance between different groups was analyzed by t tests (and nonparametric tests). Statistical significance was defined as P<0.05.
Results
MiR-149-5p was up-regulated during leukemia
To explore the role of miR-149-5p in leukemia, RT-PCR was performed to measure the expression of miR-149-5p in leukemia cell lines (THP-1, Molt-4, and K562), and the blood and BM samples from leukemia patients (AML, T-ALL, and CML). Results in Figure 1A -1C showed that, in leukemia cell lines and the samples from leukemia patients, the expression of miR-149-5p at mRNA level was significantly higher than in the normal group (P<0.01 or P<0.001). These results revealed that miR-149-5p might play a vital role in leukemia pathogenesis, and miR-149-5p might act as a biomarker during leukemia. Of note, THP-1 cells and the samples from AML seemed to possess the highest miR-149-5p expression; therefore, AML cell line THP-1 was selected for the in vitro investigation.
Inhibition of miR-149-5p induced cell apoptosis
To investigate the biology functions of miR-149-5p on AML cells apoptosis, THP-1 cells were used and transfected with miR-149-5p inhibitor, mimic, or control. The transfection efficiency was verified by using RT-PCR analysis, and the detection of apoptotic cells were performed using an APO Percentage assay kit. As expected (Figure 2A ), the expression of miR-149-5p was up-regulated by miR-149-5p overexpression (P<0.01), and was down-regulated by miR-149-5p inhibition (P<0.001). Results in Figure 2B showed that promotion of miR-149-5p could significantly decrease cell apoptosis (P<0.01), whereas inhibition of miR-149-5p could significantly induce cell apoptosis (P<0.05). These results demonstrated that inhibition of miR-149-5p could induce THP-1 cells apoptosis.
FASLG was a direct target of miR-149-5p
To predict the target gene of miR-149-5p in THP-1 cells, microR-NA.org (www.microrna.org) database was used. As the analysis results in Figure 3A show, FASLG might be a target gene of miR-149-5p. To confirm this prediction, the mRNA and protein level expression of FASLG were measured by RT-PCR ( Figure 3B ) and Western blot after dysregulation the expression of miR-149-5p ( Figure 3C ). We found that the expression of FASLG at mRNA and protein level was significantly decreased by miR-149-5p overexpression (P<0.001), but was significantly increased by miR-149-5p suppression (P < 0.01). In addition, to determine whether miR-149-5p directly targeted the 3'-UTR of FASLG, the Dual-Luciferase reporter assay was performed ( Figure 3D ). In THP-1 cells, the FASLG 3'-UTR luciferase expression was significantly decreased by miR-149-5p overexpression (P<0.01), whereas was significantly increased by miR-149-5p suppression (P<0.001). Taken together, these data support that FASLG is a direct and specific target of miR-149-5p and is negatively regulated by miR-149-5p.
Inhibition of miR-149-5p induced cell apoptosis via targeting FASLG
To investigate the relationship between miR-149-5p and FASLG in THP-1 cells apoptosis, cells were transfected with si-FASLG and/or miR-149-5p inhibitor, and then evaluated for changes in apoptosis rate. As we expected, the mRNA level of FASLG was significantly down-regulated by si-FASLG (P<0.001) ( Figure  4A ). Further, the protein expression of FASLG was notable down-regulated by si-FASLG, and the up-regulative impact of miR-149-4p suppression on the protein expression of FASLG was abrogated by si-FASLG ( Figure 4B ). In cell apoptosis assays ( Figure 4C ), cells transfected with si-FASLG showed significantly decreased apoptotic rate (P<0.001) compared with its control group, suggesting that FASLG acted as an apoptotic inductor in THP-1 cells. More important, si-FASLG abrogated the inductive effects of miR-149-5p suppression on cell apoptosis (P<0.01). Thus, we speculated that inhibition of miR-149-5p induced cell apoptosis via targeting FASLG.
MiR-149-5p targeted FASLG and activated FADD and caspases
To further explore the possible mechanisms of miR-149-5p in AML cells apoptosis, we detected the expression of FADD, p-FADD, and 6 caspases by Western blot ( Figure 5 ). We found that the expression of FADD was little changed by si-FASLG or miR-149-5p suppression. However, protein expressions of p-FADD, caspase-8, cleaved caspase-8, caspase-2, cleaved caspase-2, caspase-3, and cleaved caspase-3 were down-regulated by si-FASLG, but were remarkably up-regulated by miR-149-5p suppression. Of note, si-FASLG abrogated the up-regulative impacts of miR-149-5p on the expression of these 7 proteins. Thus, we inferred that inhibition of miR-149-5p induced cell apoptosis via targeting FASLG, and was accompanied by activation of these factors.
Discussion
In the current study we aimed to investigate the role of miR-149-5p in AML cells apoptosis, and explored its possible mechanisms. We found that miR-149-5p level was up-regulated in leukemia cell lines and the samples from leukemia patients, especially in THP-1 cells and AML samples. FASLG was a direct target gene of miR-149-5p, and was negatively regulated by miR-149-5p. More importantly, miR-149-5p suppression induced cell apoptosis via targeting FASLG, and was accompanied by activation of FADD and caspases.
Recent studies have demonstrated the versatile roles of miRNAs in cancer. Dysregulation of miRNAs has been proposed to be a rising feature in cancer [14] . The role of miR-149-5p in cancer is complex because miR-149-5p has been identified as both oncogene and anti-oncogene, depending on the category of tumor. To date, miR-149-5p has been found to be down-regulated in tongue squamous cell carcinoma [19] , renal clear cell carcinoma [20] , and prostate carcinoma [21] . In addition, Li et al. found that miR-149-5p was down-regulated in grade I-IV of astrocytomas, and in vitro studies revealed miR-149-5p acts as an anti-oncogene by controlling proliferation and migration [22] . However, Fan et al. demonstrated that miR-149-5p was highly expressed in T-ALL, and that miR-149-5p functioned as an oncogene via regulating proliferation, cell cycle, and apoptosis [23] . Our findings in this study were partly consistent with the study of Fan et al., which reported miR-149-5p was up-regulated in leukemia, especially in AML. Moreover, miR-149-5p acted as an oncogene via regulating THP-1 cells apoptosis.
To investigate the underlying mechanism by which miR-149-5p affects THP-1 cells apoptosis, the target of miR-149-5p was predicted and verified in vitro. We found that FASLG was a direct target of miR-149-5p. To date, several miRNAs, such as miR-21 [24] , miR-23a [25] , and miR-25 [26] , have shown the ability to target FASLG in different cancers. However, our study is the first to find that FASLG is a direct target of miR-149-5p and that FASLG could be negatively regulated by miR-149-5p. FASLG is a type-II membrane protein that naturally binds and activates Fas-receptors, resulting in cellular apoptosis [27] . Studies have shown that FASLG also induces apoptosis in leukemia cells [28] , and FASLG has been proposed as a potential therapeutic target for the treatment of leukemia [29, 30] .
In the current study, we found that the inductive impacts of miR-149-5p suppression on cell apoptosis were abrogated by knockdown of FASLG. Taken together, we speculated that the inductive effects of miR-149-5p suppression on THP-1 cells apoptosis might be via targeting FASLG.
To further explore the deeply associated mechanism of miR-149-5p affecting cell apoptosis via targeting FASLG, the expression changes of apoptosis related factors were measured. We found that knockdown of FASLG abrogated the up-regulative effects of miR-149-5p on p-FADD, caspase-8, caspase-2, caspase-3, and the cleaved forms of these caspases. Usually, the combination of FASLG with Fas death receptor, induces the polymerization of Fas to form death-inducing signaling, and is complicated by recruiting the death domain adapter protein FADD, caspase-8, and caspase-2 [31, 32] . Caspase-8 and caspase-2 are activated through autoproteolytic cleavage and subsequently cleave caspase-3, and then result in cytochrome C release from the mitochondria, ultimately triggering apoptosis [33, 34] . Thus, we inferred that miR-149-5p suppression induced THP-1 cells apoptosis via targeting FASLG, subsequently regulating the expression of p-FADD and caspases.
Conclusions
Our results suggest that inhibition of miR-149-5p might be a potential therapeutic strategy for the treatment of AML by induction of apoptosis. Moreover, miR-149-5p suppression induced the apoptosis by negatively regulating its target gene, FASLG, as well as activating and regulating FADD and caspases. Nonetheless, more studies are needed to confirm the role of miR-149-5p in AML.
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